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INTRODUCTION

This report contains information in four areas.

)#9".Air-Launched Balloon System (ALBS): Programs, their description,

Flowcharts, and Documentations

SBalloon Tracking Using VOR: Description and Logic of Mathemr,'cal

Development, and a Program Employing These Techniques (Including

/ Flowchart and Documentation)

• Tethered Balloon Experiment: Analysis and Recommendations,'

-"flalloon Flight Simulations Using 41IN AFB, HOLLOMAN, atnd

W1HITE SANDS Wind Data.

I
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I. ALBS Program Documentation

Introduction

This write-up describes programs pertaining to the Air-

Launched Balloon System (ALBS), which were originally written

for a desk-top calculator (Wang Model 452-1), by Andrew Carton

(AFGL), ALBS development program manager.' These programs

have now been put in Fortran so that they may be run on the

the CDC 6600, and this section provides all information

necessary to run these programs. For each program are

provided a description, listing, flow chart, sample deck

set-up, sample output, and definitions of all nomenclature,

i.e., the variablt names, used in the program. As much as

possible, the original program names, subroutine names, and

variable names have been retained. The underlying mathematics

and logic, unless different, are not described in any depth

here. For a more comprehensive treatment the reader should

consult the Carton report. 1

The first program, called CHUTE, treats the ALBS system

as the drogue and main parachutes are being deployed. The

second program, called Pl4B, treats the system as the

balloon is being inflated.

Note that within the descriptions, flow charts, etc.

variable names are often referred to without explanation.

The reader is referred to the appropriate section on 'Nomen-

clature'.
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Program CIIM''E

This program comlputes theoretical-performance data

(velocity, drag, dynamic pressure, otc.) for the ALBS system

starting from the point when either the drogue parachute or

the main parachuce is beginning to open until it is fL~lly

opened (Oit<TF). The computations are based on an initially

chosei, opening time (TFmTFI). The volume of the filled

parachute is then computed. If the calculated volume, using

the initial opening time, is sufficiently close (less than

200 cu ft) to the theoretical volume, the program goes on.

If not, a new opening time is chosen, and the first calculation

is repeated.

WVhen an acceptable opening time has been found, thf; be-

havior of the system at t>TF is computed. The calculations

are continued until the velocity of the system is 'sufficiently

close' to the equilibrium velocity (VEHI), The criterion

for 'sufficiently close' is satisfied when the change in the

dynamic pressure (Q) becomes 'very small'. The system data

at this point become the starting data for another program

not described here.

The program then reverts back to the time period during

which the parachute was in the proces.s of opening (Ot<TF),

and it calculttes deceleration and opening shock forces,
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Data Input to the program is by means of a READ statement.

Each time the READ statement is executed, i.e., each line

(or card) of input data is read a new set of calculations is

done. Any number of sots of calculations may be done at

one time. In this way, parametric studies of any of the

parameters in the READ statement can be done easily. The

data must be 'unformatted', i.e., the variables must be

separated by commas.

Each time a new opening time (TF) is tried, subroutine

P4U is called with its first argument equal to 0, and one

page of output is written. When an appropriate opening

time is found, P4U is called again, but this time with its

first argument equal to 1, and calculations are made for

t>TF. This output is printed on the same page. Subroutine

PIO is then called to calculate the acceleration and opening

shock forces, and this output is written on a new page.

The output of the program is written on tape I and tape 2.

Tape I contains the output of main interest, while on tape 2

is wrirten supplementary information as well as results of

calculations used for checking purposes.

(Note that in the program there are statements with 'CHECK'

written in the first 5 columns. Because there is a 'C' in

column 1, they are treated by the computer as comment cards.

In ordor to use these statements the 'CHECK" must be deleted.)
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PAQOSAI C4UTE ?471.l Print FYN 411.3414t4 0311V77 13.8.

PRtOý.AM CHUTE (1IAPEIPTAPEP%,INPUT ITAPEWNINPUTI 001)1to
Cr Co00011
r. AISS PARACHUTE DEPLOYMENT CALCULATIONS 009120
cc, W41TTFN POR A CARTEN, AFGL j003130
cc 31 RUSE41T VESPRITNI, EPMMANUEL COLLEOK, 21F? 04011.5

,OMM~ON fVELf V(2tl, DVL(11) 000160G
.0'4MON /CONS?** PZvG0,00,TF#COvW 0001 7D

3410 Pt,00/30.4161,9 j2#21 0001do
10 0001900

cc RFA0 DATA 000200
qEAD (So*) KNAX, HO. W, TFZv do CU, 00,OP. C VO 004121a
IF ([OPII)*NE.0I STOP 003220

000330
is CC WRITE HEAO!HG13 OR TAPEZ 0003300

ORIIE(192#4 1 0001.,0

?0 C; INITIALIZE REOUIREO 4AR1ARLES 000990
ra 1. 1 tF m TPI 000300

ýTP a .1 000310
So a (PTSDO*4tl146 0003p0
VLHAX a 42034101)*00 000 iS0

ý TGWT r.ALCULITTOI4SONC, 0ALUI OF tF FOR EACH K3U'4T 00031.0
DiO 100 KOUNT m tqKP.AX 0011310
CALL Pi.'J (0)H0,NV~oVFIvd) 000370
VIHT a Soft W/4 ,. o 11594SIGHA (Hal*Coo'sa)I Q00136

00019 30
cc 5U4ROU1INtS P9 ANO P?U IN A. CAkTEN*S PROGRAMS 0010

00 1UV C J I ,P 0001.30
t F LOMT(101110o 0001.1.0
1VL(Jl *CVJ'ILTT11d. - 2.'C0'T'(L,-T)l 00o1450
VI. a VL I- I*DVL(J) gO0C 1.1

11 0~40TZUE 0031,1.0
FiRZTE (21,21 f 0001.50
WRITE (1,30) OVI. 0004900

J0050O
rcC IS TF AOCEPTABLI? IF If 15, 00 TO 200. 1003110

~I~LmA6S(VLMAX - 4L 005S20
IF fDIFPoVL9L1i200.) GO to 200 004) 30

1.3F v IVLMAXC - VL)131FFVL 400103 .
WRITE (1,111 IKOU01TTF9VLHA*,VL,)IFPVL goo0Ivo
WRITE (3,101 'COUNTITFPVLMAXIOL,01PFd4. 000540
IF (0IFFVL.LE*IO000. DTF a .01 o 0003,
fF m TF * FOOTF 0001183

1' C) " 01T INU! 000,90
201 'ONT INUE 0006000

000110
1C 4AK CALCULATICNS FOR~ TP14EoGTT 000620

CALL PLU t1,NNFVFLVPjdl 0013634
f~390060I~

WRITE (1,11) TP. 4EF41, OLMAXi VI. 000b30
WRITE (2,10) KOUNfTTpVLMAXVL,3IPFVL 000boo

004)102*
.C 4AKE CALC UP ACC ANO FOJCESWIECUT SjH DILY0 080669

60 A4L PLO (NO) Doable

I0 FORMAT (I.HO,19,%P10a2) 000,10
It FORMAT (1H0,/t#111X,'OP.-NNk0, 714E a f*,Pia2,6K,'V6H4 a *o'F7.2 000710

Li/116,'1VOLMAX, it 4qFjOol,1CM,'DALC VOLUME a o9F10.2) n00730
Ls P0 FOREMAT (tH1,'ALBS -- SUPPLEMIENTARY INFORHATIONot10K,(AMO 000 r k0

ef FORMAT (IN#IHOXV 1,40 LIT VAR IAolLB 40T L I2T[D ELSILWN.ERE* i v 000 F30
1 9 SYS TER HE 10T a 0oFPI.I5Xo9 DIAN OP CHUTE a 41F8631ii 000700
2,4 00EVF Of R044 a , ire. 3 111 Xo C OFP OROSI tf a Oo~ilv3,/) 000 p73

!. FOR4MAT ( IHOItOX9,OTHER 9ALCLILATIO VARIABLES01 000760
?0 16 FORMAT (I H OtI IF O021 019

STOP 0001100
ENO Do00s61



SUECROUTINE PLO 4'S74. pa~ta 774 14ia54,$14 l 0 ?1?7 10.12.36

SU.1tOUT!NE PLO IHI 041120
:OI1MON /VEL/. V(2119 OVLIII)1 001530
OmPION fCONST/ P,0CFCI01h
)IMLNSION CYOTILI)ObI

cc INITIALIZE REOUIRELJ VARIABLES 001IO
:OSCM u C0*(P1#4.d000406 001560

41E( 1 10 ~OAS0N# OOOL64010

10 c STR CALCULT0 ~ N!VL FTI~ 00161510

UC ~too HIANG ON 191t 001670

DVOT!E(1,1 t 2olY) 30ETCAITFTV141 00154.221*l CL

F~ I -4/07 #ii(1 810

Ca 7019 001720
~c WRITE GNE LINE OF OUTPUT O01,3J

WRIZTE 11,10) T, OYLCI) * UVOT(ZI, F, 70, 3 000174.
10g ' ONT INU! 001750

^c 001760
WCR~ITE ACOITONA. ZNIPORMAtICN 017
WRITE 41,f10 A, So C, coscm4 001760

001090
1 FO.ZMAT ( IN1, 1QX, 4PROGRAM P9%,j3X,$P0(GR4M Pi0*,10EA10,0i1 0016100

so0 qIVf,'TFT 0904. ICUltt) OVMD (FP7515)*o1Oxl"(L8)*s1Xo C01M1
1 'VL),,'jW(),I001620

?0 FORMAT (1140,1OXA4 a ,711.o3pXv9 it ',714.IIE,'O9 a 4v71.3,v01tOL4.0

* 3 4.TURN 001660
!110~ 001670

rUNG~T?). S13,4A ?414.a OPTaL FYN lo,9*1.i 05O111/7 13.11263b

I IU'4TIUý4 S13MA (H4) 0016O
014ENSION STIGIR) HoIM~
THIS FUNCT 10 %ZNTW(OLATES SITWEIN VALUES Of THE DENSITY kfit00, 001900
j IVEN lit SIG 04. INTER.VALS UFiV T

j z Hticoof 001960
10 JJ a 14 0 1OO0,~VLu0t(J1 001970

SI;MA SI50(J) + lSIOIJO1) -500(J))0XJJft000, 001940
RE rUqN 30199)
.No 602101



SU6ROUTINE PI.U (IFLAGtH0,'IFVOvV1 ,8I 003020
cc IFLAr, 2 CHUTE~ 15 9ilNG OEPLOTED 000530
cc IFL4A; I CHUTE HAS aEE~4 DEPLOYED 0085'.0

'OM4MON iCONSTi PI#G0,O0qTFCOO, Gocsso
5 00O4P0N IVELI V42ils CYLOIi.)006

ýc INIT. ALIZE REQUIRED VARIABLES c00180

I .OO1L89fSIGMA4HO)*V0~f2 000icO

0 WRITE HEADINGS FOR TAPEI, !ý NECESSARl. 000920
IF (IFLAG*EQotl 6O TO 50 000930
WRITF (11101 DATEITO)Aflo 000a he
wRITE (1,2) 6 0, as , top 000953

J1 iss CONTINUE 300960

V( 10*ILAGPI) a VI a Vi m VO BO0OM
M He NO00993

I]21 C. 001000
20 UT *TFISO. 00le0t0

DVI u CVO x -G04OTP(ie - Q*C3*SO*FLOAT(IFLAG)lN) 101020
180) a 506IFLAG * 1 $ IFF a 165 * 49 0010 3311CC $TAIT CALCULATIONS, INTERVALS OF OT *TF#50. 001050

25 00 L0U I w IBBpIFF 001060
t FLOAT(I)IB0. 001.,73

TIME m T*TF 001060
A m (SC-i)*AMIhlb(Tvtl. + 8 001090
ýVPRE v 2.0VL - OVO 001100

30 vP.ie a Vt * OVPRE 001113
VEAV m (VI + VPRE) VI. 001130
DI4OPE a EAq*07 001120O
Q a .0i1896SlGHA(p4CPRE)fVPRE*f2 00111.0

* O*COfA 00160
36 OVI a -;GpoOTo(i - omW 001110

qI a 41 * 041 001170
3'41 a !*4*VI 4 100 001100O~id
4 a H + UH1 Ca1191
V1 SVI 001200
)40 a cVi 00L110
JVi a cVI 001.220

9OL233
cC A~IrE ONE LINE OF OUTPUT# EVERY FIFTH CALCULArio ION0021.

II 1 M4,(!,5)ff 001250
.5IF I I::. ECs01 60 TO 90 00 1260

1.1 a 1/5 + I 001270O

V(IJO 0 VI C0123C
WRITE (1, I)ATTINEQOVI ,VlvI ,U,4 001

910 ClC FIR IFLAG a 1, CALC STOPS W4EN 01FF IN Q IS SMALL 001310
IF IIFLAG*EG*G) G3 To i0 00132
)IFFO a A65(0 - Q!) 001330
19 4OIFFtO.LE..001l RETURN 00134.0
01 a Q 0013900

9s 0 coNTImug 3OL3t'0

mr oC IF (IFLAGoEQ.11 woITE (2,1) ATvTIME40,DVIVIOH 001380
CH;El.~ WRITE (2pil Al to TIME, 0, DvIl VIP up H 001340
Ina ýONJTIlJUE 0014201 1

f,0 0 1 6s In
rC IF ANL VF ARE OUTPUT OF P4L SENTr SACK TO ALBSgo1 !

14 s H5 VF a VI 001430
WRITE (2,21 8,oqVFsIF 0011.40,

I F04MAT (1H0,10XFl1.2,FS.1,F9,2,'?F11.'.3F11.2P .0014W1.
fib ? FO%.NAT (ii ,i0~,Fil.aIVKF11.4,11W,2(F11.2,tix)I 0011.I0

t0 FOR4MAT (1HtvI0XP*PkOGRA4 P1.U 4,10,//*ll~ 0011.70
1,12Xv'AREA(SUFT) TO'TF f ISEGI Q( FSF I OVIFPS) VIFPS)CU14I00
a DAL 8) H FT)',l 1011.90

PErURN 001600
7 ND 001510



PROGRAM CHUTE

DATA ASS I C.:P'EIIT STATEMAE 1TS

OPENINGONE PASS FOR EACH
IME TTRIAL OF TF

VL SUBROUTINES P9 AND P7U

ISO IN PROGRAMS OF A. CARTEN

r -OPENING STOCE

ALCULATE IFORCENC

DIFV DIFL 00T O LRE

IF~ y

9*200



SUBROUTINE P41J

P4UJ THIS SIROUTINE MAKES CALCULATIONSS
AS THE CHUTE IS DESCENDING,
BOTH WHILE IT IS OPENING AND
AFTER IT -tAS OPENED.

IMAKE IriITtAL rALCU TIONS!

50

MAKE CALCUJLATIONSI
DEFINIE LIMITS OF

Do LOP T FOLOI

MAKE CALCULATIONS CN.E PASS FOR EACH TIME.

N SHOULDWRITE ONE LINE OF OUTPUT EVERY
OUTPT BEFIFTH CALCULATION.

IPRPRANUTEDLIPEED

TOT CURRENTIL VELOCTY CtHI

IWIEONJE LINE OEFR

I CWME INSETO EQIALIRU VELOCIT Y (\DVEOI:HY

130
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SUBROUTINE PID

plo

FINIT!- I E-l RE JitRED VARIABmL THIS SUBROUFTINE COMPUTES OPENING
SHOCK FORCES.

YIF TE HA Nflel ON TAPE

'A~KE CALCULATIONS A ONE PASS FOR EACH TIME INTERVAL.

WMRITE ONE LINE OF

L<- 
100

RETURN

14



a end of file

programn

FF' H!I NTE f,TtiF'E I!TAFPE~y I HFUT, TAPE'5' INPUT .

TAPE, (TF T. nd of Irecord

'0 Y TAPE I .1 OUTPUT.

Lui:.ETPFF:E-ET zZIPC1.

*;!4A 20ý M1AH!ulIELD

1~~~~~ ~ ~ ~ ~ 0I 0I jQ00000000'

I7?;17 M 17lilt7li7t1:Il 77 7 7 5 177 11N 1 U 164111440171474117ll 11147171 1ifIS11717 710 l'fi11 11 1 111 1 JI I
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,.• Nomenclature

i• Program CHIUTE

pro::::nz:::recio~ aE:~i~: r:::;(:::zo: parachute

at two

CD Coefficient of drag, CD

CP Coefficient of porosity, Cp

C1 (eI) a d 02 El7

DIFFVL Absolute difference between the calculated

and theoretical parachute volume

DTF Correction to tf to get DIFFVL below an

arbitrary limit

DVL Rate of change (dV/dT) of volume with

T a t/tf

DO Parachute diameter, do

F Number used to decide whether tf should be

increased or decreased to produce an

acceptable parachute volume.

GO Acceleration of gravity (go a 32.2ft/sc 2

11 Final height returned from subroutine P4U

lIF Final height after chute has achieved

equilibrium velocity

HO Initial height, Hi

J Index used to increment successive

iteration

KMAX Maximum number of different opening times

(tf) that will be tried for a given run.

This is an additional safeguard against

the program going into infinite loop.

20



KOUNT Index used to count the number of different

opening times (tf) that have been tried.

SIG Array defining a at 1000-ft intervals, where

SIG(-) a(h.1000*l), up to 25000 ft.

SO Cross-sectional area (S ) of parachute when

fully opened (t-tf)

T Fraction of opening time, T a t/tf

TF Opening time, tf

TFI Initial value of opening time, read into

the program

TODAY Dummy variable used to print date

V Array containing values of velocity (v),

where V(l) a v(T=,l),v(2)=v(T-.2), etc,

VEHI Equilibrium velocity (Ve(Hi)) of parachute

system

VF Final velocity, VFwVEHI

VFI Velocity after parachute is fully opened

(t-tf)

VL Parachute volume calculated using opening

time tmtf

VLMAX Theoretical parachute volume

VO Initial velocity of parachute system (at

toO)

W Weight of parachute system, Ws

21



Nomenclature

Subroutine P4U

A Cross-sectional area of parachute at a

given time t

B Same as in CHUTE

CD Same as in CHUTE

D Drag of parachute, D

DHI Change in height in time DT-tf/50

DHPRE Initial calculation of change in height

DIFFQ Change in q in time taltj. This is used

only after the chute is fully opened

(IFLAG - 1) to determine if the velocity

(V) is close enough to the equilibrium

velocity (VEHI)

DT Time increment/iteration; DT w tf/50

DVI Change in velocity (V) in time DT

DVL Same as in CHUTE

DVPRE Initial calculation of velocity change

in time DT

DVO, DVI Used In determining DVPRE. They are the

two previous DVI's

DO, GO Same as in CHUTE

H Height

lIp Final height when P4U returns control to

C1HUTS

HO Initial height when P4U starts

I Index used to increment successive iterations

22
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IBB, 1FF Beginning and final values of index I

IFLAC Index used to tell P4U whether the parachute

is in the process of opening (IFLAG w Ou

O<t<tf) or is fully opened (IPLAG n 1, t-tf)

II Index to determine whether a particular

iteration should be printed. (Only 1 out

of 5 is printed)

* 1 Index used to place a velocity value (VI)

into the array V; this index corresponds

to a time such that V(IJ).v(T), IJmIO*T÷l

PI Same as in CHUTE

Q Dynamic pressure, q - ev 2

QI Previous value of Q; used to calculatu DIFFQ

SO, T, TF Same as in CHUTE

TIME Real time t(sec)

T0DAY ,V Same as in CHUTE

VEAV Average velocity over the interval Dl'

VF Final velocity when P4U returns control
to CHUTE

VI New velocity at end of time increment DT

VPRE Preliminary value of now velocity at end

of time increment DT

VU Initial velocity when P4U starts

VI Used to store tho previous velocity (VI)

IV Same as in CHUTE

23
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Nomenc 1 ature

Subroutine P1O

A,B,C Coefficients used to calculato DVDT

CD Same as in CHUTE

CDSOH (CDSo)m So

DVDT Acceleration of parachute system (ft/sec 2 )

DVL, DO Same as in CHUTE

F Force produced by the drag of the

parachute (ibs)

PO Sum of the drag of the parachute and the

force of gravity

G Acceleration in g's corresponding to PO

H Height at which o is to be calculated

This value o(H) is held constant

throughout the subroutine

I Index used to specify the time (Tm.l*i)

PIT,TI:,TODAY,V,IV Same as in CHUTE

24



Function SIGMA

H Height at which SIGMA is to be

calculated

Index used to determine 1000-ft

interval

SIG Same as in CHUTE

SIGIIA Value of a(H) calculated and returned

to calling program or subroutine

XJJ Variable which is used to interpolate

a between hulOOOJ and hulOOO(J+l)
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ti'1
Program P14B

This program treats the ALBS system starting from

the point when the balloon has been completely extracted,

and the helium has begun to enter the balloon. Calculations

are done every 200 ft, as the system descends through the

atmosphere, and one line of output is printed for each

height. The effect of the system weight, the drags of

the drogue and main parachutes, the lift produced by

the increasing volume of helium in the balloon, and'the

change in temperature and pressure of the atmosphere are

all taken into account by the program.

Data is introduced to the program thru a READ

statement. Each time a card of data is read, another set

of calculations is done. Any number of sets of calculations

may be done during the execution of the program. In this

way, parametric studies of any of the parameters in the

READ statement can be done easily. The data must be

'unformatted', i. e., the variables must be separated by

commas.

The output of the program is written on tapes 1 and 2

(See Figures 1-4). After the headings are written, one

line of output is written for each height (200-ft intervals).

Since the values of so many variables are written, the

width of one page of computer paper is not enough to write

26
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them all across the page in one line. Hence, for each

height, some of the variables are written on tape 1

(Figures 1 and 3) and the rest on tape 2 (Figures 2 and 4).

After completion of the job, the pages are separated and

each set of calculations is taped together so that the

data for a given height can be read across the page in

one line.

Each time another READ statement is executed, another

set of calculations is done. For each new set of calcula-

tions, the headings are reprinted at the tops of new pages

on tapes 1 and 2.

The Fortran version, explained here, also contains

two new features not found in the original version written

for the desk-top calculator. The first takes into account

the adiabatic heating of the gas in the balloon as the

system descends into a denser and denser atmosphere. The

second provides an interpolation to determine the exact

hieight at which the helium is exhausted (instead of the

height of the neirest 200-ft interval) and the values of the

other parameters at that height. These features are explained

in detail below.
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PlROGRA4 P19*3 ?41 iF4 OPTsL FTfl 40.+4*116 5117 1.2.

PROGRAM P1491 4TAPEITAPE2#INPUT*TAPEIUINPUT1 000100l
cc 001
1C ALSS BAL160ON INFLAhION :ALCULATIONS 000115
"I~ WRITTEN FOk A. CARTIN, AFGL 000130

I cc SY ROPERT V[SPRtNI, IMMANUEL COLLEGE, 21?? 000145
cc J00 193

Cl~iENSION PREII(EII, SIV2(1 000160
3ATA PEdP913.dg,11,.I,.30b1,,77.12,008170

3ATA SI~9S? 92I.11,8~1,67,1100080100
L,.4 0?01 6 ?66090 # bl06p P36599 e ?15689 b93 339 6?1151 000110

11 At& PICID #3,l1§9193s,3,O I-Z800si 0003140
ZC' Q9AO OATA Docil0

a0 1i40 IP,61 141 WSREF, T4lE# TM, TR[Fo Vo, 07, TLI!L, WO, DAD, DAM 000200
IF (ECF45)eNts0l STOP CCd

20 00 INITIA.IZC REQUIREO VAR143LIS 000290
T4[a 102.1.1 000300

.6EM al I CM TEN rT4C GUM
ZFLA.3 0 1 F a 1. *000330

ITOP v IFIX(HT,100.) 1 0003 J0
25 IF (ITOP.ST.1l21* tTOP a 124* Got 1,0

1ITO # 7C 1 00036~0
J *lif 000360
jj I 1#- 000370
SIrtMA *SIG(J) * 41IGlJil1)-SG(J))*FLOAT(JJ~s koc i0360

30P a PRESS(J 40* ( PKESS4J4-1) -PRESS lJ )*FLOAT (M)Ile 000390
001. a TM T w 0. 0004*00
)AS x DAD * 0AM 000131

0C34*23
39C w- WRITE HEADINGS AND DATA AT-INIT14L ME104T 0001*30

*3WRIT E (1,10M DATECTODAY1 0004410
WRITE (1,11) 7141,TISFTMD 0004110
WRITE (1#12) 0*14. 0409 WU, rLREL 0001*60
WRITE lift) 000*00
WRITE (20,3) 0001*80

* .0 WRITE (1, 13) Hi, SIGMAi P, V0 0004190
WRITE 41911*) Hit WSREF, GAS 000540

:C: SART CALCULATIONS, 200-FT INTERVALS 000620
30 l0co It 101TDP 000530

14 9 1 aITOP - ItI TM *74 040057
04 O TOTR DOO~bQ

14H TM# Om000550

':03: H4AS HELIUM REEN CEXAUSTID? IF N0To aO TO Out 000590
IF (TMMeLT*TMHE) 30 TO 8o 000b00
IFLAG a I 000b10
F u(TMI4E-TM)iOM 01462)
T!1 TMHE 0001531
i8 50to 90 00064.0

so TM a TM4 000160a
IQ 'ONTINV 0~6
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JO b")
v -Dm*4FL0AT(I*1~ F)P 000630

f0XJJ a-ON'F (FLOAT(I 56J + 11 F1P 086590
rAIR TREF - 2s*(i4-HI)fiG00. OD0OM
SIG4A *SIG(J) 0 (S1Gfj~1b - SIG(J))*XJJIOLOOQ. 000ca1
0 w PRESSI(J 0 (foE1S1J4-i - PR1%S(J~))KJJfI10m0 Do0rzo
TE14P a((TM.ON)'(TEMP*DTEMP1 * DOMTNII IT 000730

ts RLP1 (12.0391TAIR-4CW#EMP) I(CIVTEMP) 0007'.0
TL a TMORL.. 060?53

000760
0003 441 THE OROQUE CHUTE BEEN RELEASED? IF N0Tp 10 T3 100s 000770

IF (TLsLt.TLREL) 20 TO 100 00076
?a WS WSRfF -TLW - 0O0790i

DAD 0. 000500
so TO ito 000310

too WS a W9'ttF - TL. GO0SE0
110 CONTINUE 003830

76 0006'.0
VOL a (TMOTEMPM0001'P 000650
)148 a l(b.i'PZIVO0*0 is 13s 1.4
DAB r (Plid.14OIAS62 '.6 000614
DAS m UAS 4 0A0 4 OAM 000380

80 VC 9 -SQRT(ABSIWS/(.00l159*1IGMA'DAS))I Docile
VEAV I (YE o VOM#. .000010
D? a pooMivsAv 000il0
T I +.0 OT 009o
VO a VE 000930
0 DULL81190SIGMAIAV1042 40GO49
36 a OA800 S 0.0 a OAOOQ s DS D AM*Q 0 00609
OS a 0S. 00 + Om 000960
WW a WS bs :0

id3 WRITE 041 LINE OF DATA. 009
WRITE 4lvIbNSZOMAvPoTAIRoPLM, 37, To yE, D, Th, TEMP 001e00
WRITE (2t4) HPTLPWb, VOL tZAd oDASo JAI,108DODM, WW 001010

CC.". IF CALCULATIONS ARE DONE, 0 GO A"4 TO IKIAD MOkE DATA. 0010O
IF (IFLAGsEO.il 0QJ TO 50 0010160

1000 ZONTZINUE 4 ui 61A

I FORMAT (LIO,' HEIG14T 5I% MA (A I N PRESSIAfM1 T(AZJU ', 001060
ton LtK,4L/m'IX*D(ITMEI TIM1E WEb. EEUZL1'?X,1H3,7X,*MASS(HE)', 001090

2 FORMAT fI1NU# HEIaHT TOTAL LIFT W74911) VOL(BALLI' B0l110
1' DIA(IALLI (00501y COS 400 BOA LL ORAG(I ALLI 1 001120
MRUAMR~qOG) ORAS(4AZN) WS' - us*) oatiso

L0s I FOR4AT (lHQ,F7*Q9F14s5F~lo.FI Ro .PIZ#10fl, 39PI26 2,f1FLsqI2.3 #Fig@1) 4OL140
,* rORMAT IH0,77.0,bkEFII.6,FIU.3,IPLIelFiZ*31l015

in FORMAT (IHWALBS BALL0OON INFLATION OALOULATIONSO',d, 00lto
L *OPROGR.AM P1R9s$X#KAIOo00) 001170

2 1Hoivx'TRkNSFER RAT906X92HN ,711.i*492X, 001100
3 *INITIAL CVITIME) a ',942~vt# 0M1il

12 FORMAT (ilo/MffiI,5Xo1'DRAG AREA MAIN CIRITE *9'F9*2, 001220
I PPX *JRAG AREA CROGUE *V*F96l,#, 'CL13D

114 E 1N0,1Ih~o*WT DROGUE AND HOME a *Po 'p70, 00IL24
3 2bKLZFt AT OkOOUE REL *0ONM *,9.,#l01690

11 FORMAT L1140,FT.0,EK,FIZ.5,F12..,'64,FIZ.21 001260
1'4 PO1MAT (1H0,F7,0,18qg7Its Z2 2oX,w1262924Xpap 124 21 0012710

st OP 401160
L211 END 001290
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PROGRAM P14B

LtAtA A ijC,:.lE'T SrATT*'-NTS

~~mmTHI SET OF --

ANY

MhsST OP STOPLT~t~

INITIALFZ VAR~AIt

MAKEU IS~ ONEAI FORNLFTO

'V.j LIN Ol OUTPIUTA (~ E~-iI~T

WI l H AI.HfTN CIS 440LA~ oij ,ETsto



BESI.. AVAILABLE. COPY

end of file
4.-'~~~~~~~ 2t-',. .'• 0. 2'-. P,,'' . .,.' ,•. -39.,34 .5 , .., It 27 , 44 . S . '. .

w.I" it'1.3 5 7 6,4 2 4,1rrtAM

program

, FI 4I.l FP141. -TElf TPE, IIHPtJT,ITAFU'-INUF'T)
* end of retcord
cUiPY, TAE-' •'UTPUT
,.OrY TFE1 I OM.ITF'UT.
P'E11 I ND[, TkP'E I , T APE," .

%.D':ýw* PT F'P!E.':ET-zEQERO,

2" :,, 'l ';F I ELT,
I li I

'33: So 14, 151 11111 Is eases Ia 1a su 4a i at 'i l It 1111 is 11 •ot toors u a1 : a

1 2 12 2 2 12 I i 2 12 2 2 2 2 11 111 1 2 2 2 2 2 22211 11)111 1 3i3 I I l Ii Is I I ll l I I It I I I t i ' 12 11ll t11

312132 132322233332231311313323323333332332333 33 J|33333233123 1333333333333333
44444144444444444444444444A4444444 44444 44 4444444444 J4144444 •41444444444I44

us asia isaac II Ii•5 ssagis 5 5 5 u5ssussuaa is5 5 i3 5si iili iti

CIII IaII•i:GclslI520sa6il |llllll sasaIilaIIlllll S 32!3ait~iJ3lllelll 5l

I'l t111111 11111T), ol1l11 11 11 1111 ) T "#1 1111 11 1111 0 11. 1: i iA
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Nomenclature

Program 14B

Cl =3.0413, used in equation of state

(English units)

DAB Drag area of the balloon, (CDSo)bal1oon

DAD Drag area of the drogue, (CDSo)drogu.

DAM Drag area of the main chute, (CDSo)main

DAS Drag area of the whole system, (CDSO)SYstem

DB Drag of the balloon, D B

DD Drag of the drogue, DD

DII Increment of height, AH

DIAB Diameter of the balloon, db

DM Mass of helium transferred in time, At

DS Drag of the system, Ds

DT Increment of time, At, during which

system drops a height AH

DTEMP Increase in temperature, AT, of helium

due to adiabatic heating from the

balloon's dropping a height AH (200 ft).

DTEMP-.8 0/200 ft or 40/1000 ft

P Interpolation factor used to calculate

last line of output

H Height, H

HlI Initial height, Hi

IFLAG Flag used to indicate whether calcula-

tions have been completed
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NOMENCLATURE

Number of intervals of height from

ground, i.e., I w H/AH

11 Index for DO loop

ITOP Number of height intervals of the

initial height from the ground, i.e,

IT0P a Hi/AH

Number of height intervals from

ground in thousands of feet,

JJ Number of height intervals from J to I

P Pressure (P) at height H

PRr-$S Array containing values of pressure at

1000 ft. intervals, used in the calculation

of P

Q Dynamic pressure, q a ½1pv 2

RLM Lift to mass ratio (L/M) of helium in

the balloon.

SIG Array containing values of a -*/0

at 1000 ft. intervals, used in the

calculation of SIGMA

SIGMA Ratio of a - P/P0 at height II

T Time, t

TAIR Temperature of the air at height H

TEIP Temperature of the helium in the

balloon at height I1

THE Temperature of helium from the dewer

TL Total lift at height H
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TLRIUL Total lift when drogue is to he

released,

TNI Total mass at height H

TNtIII Total mass of helium to be transferred
to balloon

TNIM Temporary storage for TM

TR Transfer rate of helium

TREP Temperature of air at Hi

VE Equilibrium velocity (v0(Hi)) of system

VPAV Average velocity over interval

VOL Volume of the balloon

VO Velocity at end of preceding interval

WD Weight of the drogue and associated

hardwaro

WS Weight of the system less the total lift

WSREF Initial weight of the system

WW ( (WS - DS) and should always be very

close to zero

XJJ Difference in height from H to next

lowest 1000-ft level
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Adiabatic Heating of the Gas in the Balloon

As the balloon descends into a thicker and thicker

atmosphere, the balloon contracts due to the greater pressure

causing the gas in the balloon to undergo a certain amount of

adiabatic heating. This is known to be 4K per 1000 ft of

descent and is essentially constant throughout the regiun

of interest.

In program P14B calculations done every 200 ft, and

through this distance the gas (already in the balloon, not

in the dewer) will heat up by .80K. The temperature and

transfer rate of the gas entering the balloon are assumed

to be constant, and the gas in the balloon is assumed to be

at all times in equilibrium, i.e., the temperature of the gas

is uniform throughout the balloon. The relationship

connucting the temperature, pressure, and volume of the

gas is taken to be the equation of state for an idea] gas

expressed as'% mT

3.0413 P

where V is in cu ft, m in grams, T in *K, and P in

atmospheres.

In each 200-ft interval the system drops a height of

200 ft in a time At, which is computed elsewhere in the

program. During this time a mass Am of helium at temperature

Te is transferred at a uniform transfer rate r, and we have:

Am * rit
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Also, the mass m° of helium already in the balloon is

heated ,8* from its original temperature T0 to a temperature

of T + .80. The mass m of helium entering the balloon is
0

at temperature T and mixes to form a new temperature T
He

inside the balloon such that:

m (T + .8) * AmT1~*
T ,

mO + Am

The new volume of the balloon is:

(m + Am)T
V=

3.0413 P

where P is the pressure at the new height.

IiI
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If. VOR Positioning Program

A. Introduction

11 The position of a free balloon after launch is found

by tracking the balloon from two or more VOR stations which

measure the direction of the balloon with respect to magnetic

north. The position of the balloon is then found by plotting

these bearings on a map of that region.

A program has been written for the IIP-9810A

programmable calculator which will calculate the balloon

position from the station locations and their bearings on

the balloon. Calculations are based on spherical geometry,

which is exact (for a perfectly spherical earth), and,

therefore, errors due to the plotting on the map and to

" distortions in the projection of the map are eliminated.

The mathematics are described in Section B.

The program stores the coordinates of as many as 8

VOR stations at one time. In this way the path of the

balloon can be followed over a longer distance without

having to change the station coordinates. The program

works as follows:

After the latitudes, longitudes, and declinations of

the 8 stations have been input, the program will then

request magnetic bearings from any three of those stations.

'rho tiser will entor the number of each station he has
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choson anid Its corresponding bearing. raking the stations

two at a time, the program will then calculate intersection

points nmong the throe stations selected.

After the coordinates of these intersection points

have been calculated and printed, the program will request

a new set of bearings. These new bearings need not

necessarily be from the same stations previously chosen;

any 3 of the 8 may be selected.

A complete description on how to use the program is

given in Section C.

B. Mathematics

1, Introduction

The projection on the earth of the line of sight from

a VOR station to the balloon follows a great-circle path.

Therefore, the balloon position can be found by calculating

the location of the point of intersection of the two great

circles which correspond to the lines of sight from fixes

from the two givon VOR stations.

Inputs to the calculation are the latitudes, longitudes,

and declinations of the two stations and the directions of

the balloon from the stations with respect to magnetic

north. The declination is used to change the magnetic

direction to a compass heading with respect to true north.

For each station, these quantities are used to form
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one vector which points from the station to the balloon,

and another vector which points from the center of the

earth to the station. Taking the cross product of these

two vectors produces a vector which is perpendicular to

the plane of that great circle which is the projection

of the line of sight from that station to the balloon. In

other words, one set of station coordinates and a bearing

from that station produces a vector which is normal to

the plane of that great circle which corresponds to the line

of sight from that station to the balloon.

Taking the cross product of two of these normal

vectors produces a vector which points from the center of

the earth towards the point of intersection of the corres-

ponding two great circles, i.e., it points along the line

of intersection of the two great-circle planes. From this

vector one can compute the latitude and longitude of the

balloon.

2. Input and Output

The input to the calculation is the latitudes, longi-

tudes, declinations, and magnetic bearings of the balloon

of two stations.

The latitudes are north latitudes.

The longitudes are inptt to and output from the program

as west longitudes. However, for mathematical convenience,

within the program and in the calculations which follow,
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east longitude is used in order to be consistent with a

right-handed Cartesian coordinate system.

In the program the magnetic bearings are converted to

bearings with respect to true north by adding to each its

corresponding declination (expressed as positive for an

easterly declination).

The north latitude and west longitude of the balloon

position are printed by the program.

3. Nomenclature

0 is the center of the earth

A, C are two VOR stations

B is the position of the balloon

eAPeB,GC are the north latitudes of positions A, B,

and C, respectively

AA,'B,AC are the east longitudes of positions A, B,

and C, respectively

1A, 6B, 0- are unit vectors from 0 to A, B, and C,

respectively. These vectors are local

verticals

AN, C1 are unit vectors at A and B, respectively,

which point due north, i.e., these vectors

are local horizontals pointing north

AC, CE are unit vectors at A and B, respectively,

which point due east. i.e., local

horizontals pointing east

45

- .. ..-_ -� .. .-. . . .. -----



nAnB are bearings on the balloon with respect te true

north from stations A and C, respectively

AB, C1 are unit vectors which point from A and C,

respectively, along those great-circle paths

which are in the direction of the balloon B,
i.e., local horizontals pointing in the direction

of the balloon

tArB are vectors which are normal to the great-circle

planes specified by the vectors A- and 5,

respectively

4. Equations

a. The first step is to form the vectors 0

A-', and MT for station A. The vectors B, •, and'f will

then be constructed in a similar fashion. The vectors

are expressed in terms of their x, y, and z components

respectively. The origin of this Cartesian coordinate

system lies at the center of the earth; the z-axis points

towards the north pole; the x and y axes lie In the plane

of the equator and point toward the 06 and 90 meridians,

respoctively.

The x,, y, and z components of these vectors

can be expressed in terms of the latitude 8A and longitude

A of station A.

Looking at Figures 1 and 2, one can see that the

x, y, and z components, respoctively, of these vectors are:

* (cosaA cosAA, coseA sinXA, sineA A
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AP w (-sine A CosA5A -sine A sin AA cosA)

NT - (-sinX As COs•A, 0)

The vectors 0-, - and 5? are constructed

similiarly, and their components can be found by substituting

6 for 6 A and AC for AA in the vectors given above.

b. The next step is to form the vector Al which

points from A along the great-circle path which is the

projection of the line of sight from A to B. In Figure 3

is a diagram of the local horizontal plane at A. From this

we see that:

A cosnA A- sinnA

Expanding this to find the x, y, and z components of A", we

have:

S(-sinOA COSA ACosnA - sinXA sinnA.

-sinA 31n•A €osnA + COSA sinnA

€ose A cosnA)

The vector C-A is constructed simtliarly, and its

components can be found by substituting eC for 0A Xc for • !

and rC for nfA in the above equations.

C. The next step is to form the vector V' which is
A

normal to that great-circle plane which contains the line of

sight from station A to balloon B. This vector can be formed J

by crogslrng any two vectors which lio in the plane (and are

not puraulol), The vectors 6" and t lie in this plane, and

we have:
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I.

'A X

CE'A)x - (6-) y 03)z y z (9)y

= sirnA CosnA - s5nOA Coa)A A

(n)>," (o"W1 CJ)x - 'O"'x (Al)

U -COSAA Co"fA - silnOA shnXA sinA

nAJ)&- c-()x (A)y- (5) (W)x
0 CosGA csinA

The vector ff*, is constructed similiarly, and its

components can be found by substituting 8c for 0A, XC. for

and n for nA in the above equations.

d. Taking the cross product • of the vectors WA and

nB produces a vector which points along the line of intersection

of the two great-circle planes. This line of intersection

passes through the center of the earth and the balloon. The

vector formed will point either from the center of the earth

to the balloon towards a north latitude or in the opposite

direction towards a south latitude. The components of V are:

v, uOT) B Jz - (54 ) (n),
x VtA C~) y -A

ey vn thoug vn no point inB tedietino
In the case that 7 points towards a south latitude,

we can turn the vector around by making the transformation

e. Even though "V now points in the direction of OB,

it is not necessarily a unit vector, To form the unit vector,
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v must be divided by its length and we have:

whore lI Vv- + vy v

6) Looking back at Figures 1 and 2, the coordinates

of the balloon 0 and XB can be found from 0- or v by:

0 B * hin'l[(M)] sinl -
BV X

AB a Co5- 1  - -] cos [- I
cose( 171 cose

C. The Program

1. Introduction

The following is a step-by-step description of how

to uso the VOR positioning program. A sample output, a

listing, a flow chart, and an explanation of the organization

of the memory are also provided in Figures 4 - 7, respectively.

Supplementary information about the program is given which

enables the user, when data has been entered Incorrectly, to

correct the mistake without having to go back to the beginning

of the program.

2. flow to Use the Program

Press END, CONTINUE.

The program then asks for the number of stations

to be put into the calculator. The program can handle up to

8 stations. The user puts this number into the x register

and then presses CONTINUE.

The program then prints a station number, starting

at st;ition 1 and going up to the number of stations requested
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in the previous step, and requests the latitude, longitude,

and declination, respectively, of that station. For each

of these variables, enter the number of degrees in z,

minutes in y, and seconds in x, and then press CONTINUE.

Latitude is input as north latitude, longitude

as west longitude, and declination is input as a positive

quantity for an easterly declination and as a negative

quantity for a westerly declination,

After reading these quantities for a particular

station, the program goes on to the next station, or, if the

last station has just been input, it goes on to the next step.

The program then asks for the time of day. This

is done so that there will be a record of the time that the

VOR readings were taken. The user puts the time into the

x register in the following way: 14:4S is put in as 14.45,

etc. The user then presses CONTINUE.

The program then asks for bearings from any three

of the stations, called IST, 2ND, and 3RD stations, respectively.

For each of the three stations to be selected, enter the

number of the station required in the y register and its

corresponding magnetic bearing, expressed in decimal degrees,

in the x register. i
The program then prints the coordinates of the

balloon location calculated usinl-the lot and 2nd stations,

then the lot and 3rd stations, and finally the 2nd and 3rd

stations. For each station pair the latitude and longitude
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are printed in degrees, minutes, and seconds.

The program then asks for a new time and then

now station numbers, and bearings. Again, any throe stations

may be selected, and these need not be the mame ones which

were selectod previously. After each set of bearings has

been input, and the balloon positions calculated, the

program goes back to ask for a new time and a new set of

station numbers and bearings,

A sample output is shown in Figure 4. All

variables which the user must supply have an asterisk

placed beside them. Note that all variables input by the

user are printed on the paper tape immediately after

being entered.

3. Supplementary Information

In order to help the user understand (and

possibly modify) the program, a listing of the program is

given in Figure 5 and a flow chart in Figure 6.

In the case that, after the station data have

boon entered, it is discovered that a station coordinate

was entored incorrectly, or it is necessary that another

station be substituted or added, It is usually more

convenient to be able to enter the information directly

into the memory rathor than having the program do it,

(Por the progrnm to do this requires that all of the
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information be reentered.) This requires a better

knowledge of the memory and program organization. The

organization of the memory is shown in Figure 7.

To put a number into a particular memory

location, put the number into the x register, press x.(XTO)

followed by the three-digit memory location. Since the

coordinates entered in this program are always expressed

in terms of degrees, minutes, and seconds, the user must

first change this to decimal degrees before entering it

into memory. In this case, put the numbers of degrees,

minutes, and seconds into the z, y, and x registers,

respectively, press K, 6 to convert to decimal degrees in

the x register, and then press x+, followed by the three-

digit memory address.

For station number i, i m I to 8, the latitude e,

longitude A, and declination n are put into memory locations

Si+5, 5146, and Si+7, respectively. The number of stations

which are being stored in the memory is kept in memory

address 000.

If a bearing is entered incorrectly, press GTO,

0, 2, 5, 0, and CONTINUE. The program will then ask for a

time followed by three new station numbers and their

corresponding bearings. The old station numbers and bearing

are ruplaced.
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D. Comparison of VOR Data with Radar Data

Using data from a particular balloon flight for which

both VOR and radar data were available, a comparison of

results using these two sets of data was made. Radar data

are considered to produce substantially more accurate

results than VOR data and, therefore, are suitable for

determining the accuracy of the VOR data.

Errors in VOR positioning can result from a number of

sources: 1) the error (An) in the magnetic bearing (n)

of the target as viewed by the VOR station in question,

2) interference from other radio signals or mountains, and

3) the line of sight being too close to the horizon. The

error in the bearing is the only type of error which will

be discussed here. Errors due to the other two sources

are highly unpredictable and would probably have to be

measured empirically.

The error in positioning (E) due to one VOR station

alone at a distance d from the targct, assuming the bearing

of the other station used for the fix is exact, is:

E a d tan(6n), or for small An, E = d(An). The maximum

error in a VOR bearing is known to be + 1/26. Errors

( and 2), due to the errors in the bearings of both of

the VOR stations used to produce a given fix, add vectorially

to produce the total error E 4 E - This is shown

in F~guro 8.
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When the angle a, the angle between the lines of sight

from two given VOR stations, approaches 1800, i.e., when the

balloon is very close to the line joining the two VOR
stations, the total error ( f2) can become very large

even though the bearings themselves are accurate, i.e.,

An1 and A%2 are small. Conversely, an intersection angle

of 90' between the lines of sight is optimum. This is shown

in Figure 9. The shaded areas show where the balloon might

be for each of the two fixes A and B, assuming an error of

+ 1/2* in each of the bearing-angle measurements. The

centers of the shaded areas are the positions where the VOR

predicts that the balloon is located. Note that for position

B the fact that a is close to 180' can lead to a large error

in the prediction of the balloon position.

Both radar and VOR data were available on balloon flight

H75-4, which took place on February 7, 1975. VOR data were

available from the following stations: 1) Truth or Consequences,

2) Deming, 3) Newman, Texas, 4) Holloman, 5) Pinon,

6) Hudspeth, Texas, 7) Roswell, and 8) Pecos, Texas. Those

stations and the position of the radar are shown on a map of

the area in Figure 10. Balloon positions and their corresponding

times are shown throughout the flight.

During this flight balloon positions were computed using

Truth or Consequences, Holloman, Pinon, and Roswell. The

othor stations were too far away to provide accurate results.
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Since E - d tan An, the error is proportional to the distance

of the station from the target. Furthermore, the farther

away the station is from the balloon, the closer to the

: .horizon the balloon appears.

Larger discrepancies ( 2 to 4 nm) occurred at the

beginning of the flight (before 9:14) when the balloon had

not yet reached flight altitude and was therefore too close

to the horizon to get a good fix. The radar was much

closer to the balloon during this time, and its results are

probably accurate.

Later in the flight (10:35 and after), discrepancies of

2 to S nm were seen. At this point the balloon was about

halfway between Roswell and Pinon, so that a was close to

1800. Therefore, these two stations could not be used together

to get a good fix. Holloman and Truth or Consequences were

at this time quite far away (60 and 120 nm, respectively)

and were also looking over a mountain range. Hence, using

either one of these with either Roswell or Pinon also tended

to produce larger errors than usual because of both the

distance, ircreasing the error and making the baJloon

appear close to the horizon, and the interference produced

by the mountains. This seems to have been in fact the case,

because the fixes using Holloman were consistently abou.t

3 nm to the south, whereas tho fixes using Tr-th or

Consequences were consistently about 3 nm to the north. Note
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that the radar data could als.o have been influenced by the

mountains and the balloon's being too close to the horizon.

However, the fact that Holloman predicted positions

were consistently 6 nm south of those predicted by Truth

or Consequences shows that the VOR data themselves were

inconsistent. During this part of the flight Carlsbad

could have provided a good fix, but data from it were not

available.

I

I
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LIST OP PIGURES

1. CROSS SECTION OF THE EARTH CONTAINING POINTS O,A, AND THE
NORTH POLE

2. PROJECTIONS OF AV, AE, AND VA IN THE PLANE OF THE EQUATOR

3. VECTORS IN THE PLANE TANGENT TO THE EARTH AT A

4. SAMPLE OUTPUT

5. LISTINGS OF VOR PROGRAM

6. FLOW CHART OF VOR PROGRAM

7. ORGANIZATION OF MEMORY USED FOR VOR PROGRAM

8. ERROR IN BALLOON POSITION FROM VOR FIXES

9. EFFECT OF a ON THE ERROR IN BALLOON POSITION

10. MAP SHOWING BALLOON FLIGHT H75-4
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pole

i

Figuro 1. Cross Soction of the Earth Cuntaining Points 0, A, and tho North Polo.
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171guro 2. !'rojoctioiic of~ K~ and In the Plane of tho ISquator.
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North M)

to balloon (B)

I1_A I - ast (E)

A!

A Abt in47j.i

co . JA + sin *)

Iriguro 3, Voctors in tho Piano Tangent to tho Barth at A.
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P1111GRAM BZESTA" OP NUMBER K - O

S Y SKBY +KY STE KEY 3 KEY

0- - F i-I L 5Q- 11
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IllI. Tethered-Balloon Experiment

Introduction

A series of tests was made in February-March 1975 to

aid in the implementation of the'Tactical Loran Tritether

Instrumentation Hook-up'. These tests consisted of flying

a 30000 cu ft balloon on tethers of various lengths (100,

500, 1000, and 2000 ft) with various loads (from no load

up to 260 ibs) in various winds. The purpose of these tests

was to determine the extent of balloon wander under different

wine conditions. The balloon position was measured by

moans of theodolites, and wind azimuth and velocity were

measured by instruments attached just under the balloon.

Table 1 gives a summary of the different runs made in this

series of tests.

Analysis

At the beginning the approach was to plot individual

data points, with each graph containing data from only

one run. Balloon positions with respect to ground zero

were plotted with the y-axis representing north and the

x-axis east, Values of wind direction and azimuth

corresponding to each balloon position were also plotted on

thosa, graphs, with the distance from the origin corresponding

to the wind velocity and the angle with respect to the

y-nxls corresponding to the wind azimuti.. The two sets
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of points were numbered and connected by straight lines,

providing a kind of time history of the balloon position,

w•'nd direction, and wind speed.

Using the corresponding values of wind azimuth, the

balloon positions were then resolved into components parallel

and perpendicular to the wind, These values were also

plotted as a function of time.Ll
5ince not much could be inferred from those types of

plots, since the wind data might not have been good enough to

justify a point-to-point broakdown, and since it takes a

certain amount of time for a given change in wind direction

or speed to effect a change in balloon position, it was

decided to group together those times when both wind speed

and direction were 'approximately constant, ' Balloon positions

during a given time period were resolved into components

parallel and perpendicular to the wind based on the average

a:imutii of the wind over the whole period, Each time poriod

contains at least five points, and, for some runs in which

the wind was nearly constant, it was not necessary to divide

the data at all, Balloon positions parallel and porpendicular

to the wind were graphed versus time, and each run was

gra:phCU separately.

Since this type of time history of balloon wander did

not seem to provide any notabiLt insights, data from each

of those time purlods were groupcd together, and statistics
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of mean, standard deviation, maximum excursion from ground

zero, and spread of excursions about ground zero were

calculated. These are statistics of the balloon displacement

from ground zero both parallel and perpendicular to the wind.

Hence, for each time period of a given run one value for

each of the above statistics of balloon displacement was

calculated, both parallel and perpendicular to the wind,

In the next set of graphs, each of the statistics of

displacement listed above was plotted versus the average wind

velocity of the corresponding time interval. Bach graph

contained the data from all runs of a given tether length,

for a given statistical parameter either parallel or

perpendicular to the wind, If a particular run was divided

into m,)re than one time interval, more than one set of

statistics were plotted for that run.

Note that in the case of maximum and minimum excursions,

the length of the time interval of the run is important;

however, no attempt was made to take this into consideration.

On the other hand, in the case of the mnan and standard

devate;on, the length of the time interval is not important

as long as it is 'long enough' to provide a representative

sample.

Prom this set of graphs it was seen that in the runs of

the 100' tether the balloon wander is a much higher fraction

of the cab)le length thun with the other tether lengths.
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Noto that, in the application for which this will be used, it

is the zonlth aringi o of the ha .l oon tether which is important.

From this sot of graphs it was decided that the 100' tether

was no. sultable,

One can also so@ that the 1000' and 2000' tethers are

noticeably bettor than the 5001 tother. However, it was

felt that performance of these lengths would not justify

their iso over tho 500' tother, Use of a longer cable

increasos the weight, thereb), decreasing the net lift of the

balloon, and mnakos the rigging of the balloon more difficult

Since it is the zenith angle of the balloon tother which

Is impoetant in this applicaiton, the statistics of balloon

displac:'ient listed above were converted to percentage

displacemont (=displacement/cable length x 100). Each

stittis'.ic wa4s plotted separately versus average wind velocity,

For a jiven statistic, the data for the 500', 10001, and

2000) tthors parallel or perpandicular to the wind wore

plotted on the same graph.

For mean displacement parallol to the wind, the porcontt,1,o

di ;p l:it.!munt increases with wind volocity In I way wh I ciCh is

a,1 r.,o!t 1.i nr va . 'There i no not Icoable dapuI)ndvnce on tother

Iniqth ipart From the faict that the 500' tother does not

per form quite as o 1 1 as the two lunger t other-;. There is c

a fair anmount of scatter in the graph, but the slope of that

line which produces the best fit is 1.7% of cabl, I llngth per
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mph of average wind velocity. Therefore, the degree to

which the balloon is blown back into the wind is proportional

to the average wind velocity.

Mean displacement perpendicular to the wir,d showed no

systematic variation with wind velcoity. This is reasonable

since the balloon should not have a preferred average

position perpondicular to the wind.

Standard deviaiton parallel and perpendicular to the

wind is very variable and, with the exception of winds.

below 5 mph, shows no variation with wind velocity. Purther-

more, the 500' tether data have noticeably higher standard

deviations than do the 1000'- or 2000'- tether data. Note

that even in high winds, greater than 20 mph, the standard

deviation did not increase.

The maximum excursion from ground zero parallel to the

wind showed an almost linear increase with wind velocity,

but with considerable spread. Again the 500' tether shows,

in general, greater displacements than do the two longer

tethor lengths.

The spread of excursions parallel to the wind shows no

relation to wind velocity above 5 mph. But, here again, the

500' tither shows greater displacements.

The variation of these two statistics perpendicular to

tho wind almo showed no variation with wind velcoity above

5 mnph, but the 500' tother showed significantly greator
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displacements than did the two longer tether lengths,

We have seen that parallel to the wind the meanr and

maximum excursion varied with wind velocity in an almost

. linear fashion. Dividing each of these statisticA by

wind velocity, (producing a mean or maximum displacemeat

/mph average wind velocity), these data were plotted verius

load to try to find what effect, if any, the load might

have on balloon wander. qualitatively, we know that an

increase in the load will increase the angle of attack of

the balloon. Up to a certain point this is dosirable since

it produces an increase in aerodynamic lifh, but after this

point the aerodynamic lift deTreases with angle of attack.

For the "mean displacement parallel to the wind/mph

average wind velocity", there seemed to be some correlation

with load, i.e., angle of attack. The spread is very large,

but one can conclude that the slope of the percentage mean

displacement parallel to the wind ve--sus wind velocity is

higher when the load is greater.

Tho slopes computed using the porcontage-maximum-

oxcurslon statistics show, on the other hand, no correlatiu.,

with lood.I

Summary

1) Data were first resolved into components parallel
and perpndieu)nr to the wind.
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2) Data were then grouped together into time periods

when both tho speed and azimuth of the wind were constant.

3) Data for each time period during which the wind

was constant were then grouped together to form statistics

of the displacement of the balloon with respect to ground

zero both parallel and perpendicular to the wind.

4) The percentage displacement of the ]00' tether was

too h4gh to be suitable for this application, The percentage

displceiments for the 1000' and 2000' tethers were noticeably

smaller than tnose of the 500', but their performance was

not that much better to justify their use over the shorter

500' tether,

;) Percentage mean displacement parallel to the

wind varied linearly with wind velocity, with a slope of

1.7%/mph, the balloon being blown back into the wind more

and more as the wind increased. Perpendicular to the wind

the mean displacement showed no variation with wind velocit~t,

i.e., Lhe balloon had no preferred position perpendicular

to the wind,

6) Maximum excursion parallel to the wind varies

linoerly with wind velocity. This is due to a great extent,

hoqovor, to the variation of the mean. Perpondicular to the

wind thore Is no systematic variation.

7) Standard deviation parallel and perpendicular to

the wind showed no variation with the wind above 5 mph.
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8) In the case of the standard deviation parallel and

perpendicular to the wind and of the maximum excuTsion parallel

to the wind, the 500' tether showed greater percentage dis-

placements, in general, than did the two longer tethers.

9) Load, in general, seems to produce greater displacements

parallel to the wind.

I 'III

I i
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Table 1

NO LOAD LOAD BAR LOAD BAR
B14A LOY 1 +265 LBS

LuAD BAR ONL' BALLAST BALLAST

2/26 #4 3/7 #2* 2/27 #8 3/7 #1

2000' 2/27 #4 3/7 #3 2/28 #4

tether
3/4 #4* 3/6 #4

2/26 #3 3/7 #4* 2/27 #7 3/3 #3

1000' 2/27 #3 2/28 #3

tether
3/4 #3 3/6 #3

2/26 #2 2/26 #5 2/27 #6 3/3 #2*

500S 2/27 #2 3/3 #5 2/28 #2 3/7 #6

tether
3/4 #2 3/6 #2

2/26 #1 3/3 #4 2/27 #5 3/3 #1*

100, 2/27 #1 2/28 #1 3/7 #5

tethe
3/4 #1 3/4 #5

3/6 #1

* NO WIND DATA

82



IV Balloon-Flight Simulation

The following balloon-flight simulations were done.

A. Eglin AFB simulation

Uning 10 years of wind data from Bglin APB, balloon

positions and statistics of balloon positions were calculated

assuming an ascent to 10 mb at a constant ascent rate of 800

ft/min, letting the balloon float for 0, 1, 4, 6, 8, and 10

hours at 10 mb. This was done using wind data for days I-

10, 11-20, and 21-31 in each of the months from April to

September.

The wind data were received on a 9-track, phase-encoded

tape which had to be converted to a 7-track tape in order to

make it compatible with the CDC 6600 at AFGL. Before writing

the 7-track, 800-bpi tape the data were sorted by month and

day.

The balloon positions and associated statistics were

done by a program called CHICSIM, which was modified for this

particular job.

8. Hlolloman and White Sands simulation

Using 10 years of wind data from Holloman and White Sands,

balloon positions and statistics of balloon positions were

calculated assuming ascents to 80, 90, and 100 kft, at a

constant ascent rate of 800 ft/min, letting the balloon float

for 0, 2, 4, 6, 8, 10, and 12 hours at each of these altitudes.
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Each of the nbovo cases was run for days 1-15 and 16-31 for

all months of the calendar year.

These wind data were already on a CDC 7-track tape,

The data were processed by a program called SIMBALL, which

was modified slightly for this particular job.
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